Planta Daninha 2018; v36:e018172841 REZVANI, M., SADATIAN, S.A., and NIKKHAHKOUCHAKSARAEI, H. Factores affecting seed dormancy and germination ... ), while higher concentrations reduced germination percentage. Seed dormancy was declined by low concentrations of GA 3 up to 100 ppm. Seeds of greater bur-parsley germinated in a range of pH from 3 to 7. With enhancement of drought and salt stresses, seed germination decreased. Also, there was no seed germination in a high level of stresses. Seedling emergence reduced as planting depth increased. Use of GA 3 , KNO 3 , leaching and physical scarification had a positive effect on seed dormancy breaking of greater bur-parsley. The information from the study increases our knowledge about seed dormancy breaking techniques, response of germination to drought and salt stresses and also determination of distribution regions of greater bur-parsley in the future.
RESUMO -O conhecimento sobre a quebra da dormência de sementes e fatores ambientais que afetam a germinação de sementes de Grande

INTRODUCTION
Greater bur-parsley (Turgenia latifolia (L.) Hoffmann) is an annual plant that belongs to the Apiaceae family. The seeds of this plant can germinate in the autumn and the flowers appear in the spring. Greater bur-parsley is common in natural ecosystems, orchards, crops and vegetables in Northern Provinces of Iran (Karimi, 2001) .
Dormancy is considered as a temporary suspension of growth of any plant structure containing a meristem (Lang et al., 1987) . These phenomena can help plants to adapt to a variety of habitats and climates and survive in diferent ecosystems. Seed dormancy can serve to synchronize germination so that probability of seedling survival is optimized (Baskin and Baskin, 1998) .
Seed dormancy is genetically determined through environmental factors and/or plant hormones such as abscisic acid (ABA) (Graeber et al., 2010) . Many chemicals and growth regulator treatments can overcome seed dormancy without after-ripening (Bewley and Black, 1994) . Gibberellic acid plays a key role in dormancy breaking of seeds and promotion of germination (Kucera et al., 2005) . Also, some free-living soil bacteria known as plant growth-promoting rhizobacteria (PGPR), including Acetobacter, Arthrobacter, Azospirillium, Azotobacter and Bacillus (Sudhakar et al., 2000) either directly or indirectly facilitate seed germination and growth of plants by releasing phytohormones in the soil.
Seed germination is imposed by several environmental factors. Optimum temperature, light, pH, soil moisture and burial depth play a decisive role in seed germination (Egley and Duke, 1985) . The impact of soil moisture on germination of plant species depends on rainfall, temperature, and soil type. Plant-available water in the soil lies between field capacity (20.03 MPa) and permanent wilting point (21.5 MPa) (Miller and Donahue, 2004) , and reduction of soil moisture potential can be considered as an obstacle to germination.
Little information is available on seed dormancy breaking and germination requirements of greater bur-parsley. Therefore, the objectives of this study were to investigate: 1) the effects of some chemichal, physical and biological factors on seed dormancy breaking and 2) some environmental factors which influence the germination of greater bur-parsley.
MATERIALS AND METHODS
Seed collection
Seeds of greater bur-parsley were harvested from 500 natural ripened plants in crop fields at Islamic Azad University, Qaemshahr Branch, Mazandaran province, Iran in June, 2012. Seed were cleaned and stored in paper bags and kept at 20±5 o C in the lab until the beginning of the experiments in November, 2012. Thousand-seed weight, seed length and width were determined. The seeds were tested for viability with the use of 1% tetrazolium chloride solution before each trial (Peters, 2000) .
General germination test
Seeds were sterilized with soaking in 1% sodium hypochlorite solution for one minute and then rinsed several times with deionized water. Thirty seeds were placed on two layers of filter paper in a 9 cm plastic petri dish. The filter paper was moistened with 6 mL of deionized water. Petri dishes were sealed with Parafilm to inhibit moisture loss and placed in a germinator at 25/15 °C (day/night). The photoperiod was set at 12/12 hours (day/night). Fluorescent lamps were used to supply light intensity of 300 μmmol m . For complete darkness, petri dishes were covered with two layers of aluminium foil. The number of germinated seeds was calculated 15 days after the start of the test. The seeds were determined as germinated as they produced visible radicle higher than 1mm length.
Dormancy breaking treatments
Impact of KNO 3 on seed dormancy
The influence of KNO 3 concentration on greater bur-parsley seed dormancy breaking was investigated by 0, 0.01, 0.02, 0.04, 0.08 and 0.16 g L -1 KNO 3 solutions. Seeds were sterilized with 3 1% sodium hypochlorite solution for one minute and then rinsed with deionized water. Thirty seeds were placed on two layers of filter paper in petri dishes and treated with a 6 mL KNO 3 treatment solution. Petri dishes were sealed with Parafilm and placed in a germinator at 25/ 15 °C (day/night) at a photoperiod that was set at 12/12 hours (day/night) with light intensity of 300 μmol m -2 s -1 . Germinated seeds were calculated after 15 days.
Impact of GA 3 and light duration on seed dormancy
An evaluation was made of the influence of different concentrations of GA 3 (including 0, 50, 100, 150, 200 and 250 ppm) both at light/dark (12/12h) and complete darkness regimes on seed dormancy breaking. The sterilized seeds were placed in petri dishes on two layers of filter papers and moistened with 6 mL GA 3 solutions. The dishes were sealed with Parafilm and incubated at a temperature of 25/15 °C (day/night) and a 12/12 hour (day/night) photoperiod with light intensity of 300 μmol m for light/dark regime. For the complete darkness regime, the petri dishes were completely covered by two layers of aluminum foil to prevent light penetration. The germinated seeds were calculated after 15 days.
Impact of nitroxin on seed dormancy
Nitroxin is a biofertilizer that contains plant growth promoting rhizobacteria, including Azotobacter and Azospirillum. This study investigated the effect of nitroxin as a biological agent to induce seed germination of greater bur-parsley. The treatments included control, 20% and 40% concentrations of nitroxin. The seeds were sterilized and placed on two layers of filter paper and treated with 6 ml nitroxin solutions. Petri dishes were incubated at a temperature of 25/15 °C (day/night) and a 12/12 hour (day/night) photoperiod with light intensity of 300 μmol m . The germinated seeds were evaluated after 15 days.
Impact of ethanol on seed dormancy
An evaluation was made of the influence of different concentrations of ethanol 95% (MERCK, Germany) (Bewley and Black, 1982) , including 0, 5, 10, 15 and 20%, on seed dormancy. Thirty sterilized seeds were placed on two layers of filter paper containing 6 ml treatment solutions. Petri dishes were incubated at a temperature of 25/15 °C (day/night) and a 12/12 hour (day/ night) photoperiod with light intensity of 300 mmol m -2 s -1 . Seed germination of greater burparsley was evaluated after 15 days.
Impact of mechanical scarification on seed dormancy
Seeds were scarified by rubbing between two layers of sandpaper for 1, 2 and 3 minutes. The seeds were sterilized and placed on two layers of filter paper and moistened with 6 mL deionized water. Dishes were sealed with Parafilm and incubated at a fluctuating day/night temperature of 25/15 °C in a 12/12 hour photoperiod. Light intensity was set at 300 μmol m -2 s -1
. Germination was evaluated after 15 days.
Impact of environmental factors on seed germination
Impact of drought stress on seed germination -An evaluation was made of the effect of drought stress with different osmotic potentials, including 0, -0.1, -0.2, -0.4, -0.6, -0.8 and -1 MPa, on seed germination of greater bur-parsley. Solutions were prepared by dissolving 0, 4.34, 7.73, 10.16, 12.81, 15.06 and 17 .04 g of polyethylene glycol (PEG 6000) in 100 mL deionized water, respectively. The seeds were sterilized and then moistened with 6 mL polyethylene glycol and placed in a germinator at a temperature of 25/15 °C and a 12/12 hour photoperiod with light intensity of 300 μmol m -2 s -1 . The germinated seeds were counted after 15 days.
Impact of salt stress on seed germination -The impact of salt stress on seed germination was studied by using solutions containing 0, 25, 50, 100, 200 and 400 mM NaCl (Merck, Germany).
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The seeds were treated with 6 mL saline solutions. Petri dishes were sealed with Parafilm and incubated at a temperature of 25/15 °C and a 12/12 hour photoperiod with light intensity of 300 μmol m -2 s -1 . The germinated seeds were evaluated after 15 days.
Impact of pH on seed germination -To evaluate the effect of pH, buffer solutions of pH including 3, 5, 7, 9 and 11 were prepared according to the method of Chachalis and Reddy (2000) . The seeds were treated with 6 mL pH solutions and isolated petri dishes were incubated at a 12/12 hour photoperiod and temperature of 25/15 °C with light intensity of 300 μmol m -2 s -1 . The germinated seeds were counted after 15 days.
Impact of leaching duration on germination -To study the effect of leaching duration on germination of greater bur-parsley, thirty seeds were placed in polyethylene bags and were leached for 12, 24, 48 and 96 hours. Water temperature was 10±3 °C. The bags were exhumed and the seeds were sterilized and incubated at a 12/12 hour photoperiod with temperature of 25/15 °C and light intensity of 300 μmol m -2 s -1
. Seed germination was evaluated after 15 days.
Impact of burial depth and flooding duration on seed germination -Thirty seeds were placed in polyethylene bags and buried in the soil in plastic pots (20 cm by 30 cm) at depths of 0, 5 and 10 cm and flooded for 2 and 4 weeks. The pots were placed outdoors and kept flooded at the durations. Bags were exhumed from the pots and rinsed in tap water. In each bag, the germinated seeds were counted. The non-germinated seeds were placed in petri dishes and incubated in a 12/12 hour photoperiod at a temperature of 25/15 °C and light intensity of 300 μmol m -2 s -1
. The germinated seeds were counted after 15 days. Total germination percentage was the sum of germinated seeds in the pots and germinated seeds after incubation.
Impact of sowing depth on seedling emergence
Forty seeds of greater bur-parsley were planted in 20 cm diam plastic pots at depths of 0, 4, 8 and 12 cm. The control pots were considered to indicate that there was no background seed bank of greater bur-parsley in the soil. The soil used for this experiment was a silty soil with clay 26.30%; silt 55.70%; sand 18.00%; pH 7.6; and organic carbon 0.63%. The pots were irrigated as needed to maintain soil moisture at field capacity. Greenhouse temperature was set at 25/15 °C (day/night) with a natural photoperiod. Seedling emergence was recorded as the appearance of the two cotyledons and was evaluated 45 days after planting.
Data analysis
All the experiments were set as a complete randomized design with 3 replicates. Each experiment was repeated twice. The experimental data were combined as there were no significant differences over time. The data were subjected to arcsin transformation to improve homogenity and transformed data were used for statistical analysis.
Regression analysis was used to determine the effect of salinity and drought stress on seed germination. ANOVA was performed on data about KNO 3 , GA 3 , nitroxin, ethanol, mechanichal scarification, pH, leaching duration, flooding duration, and sowing depth experiments with the the SAS software using PROC GLM. Means were separated by either standard error bars and using the LSD test at P=0.05.
RESULTS AND DISCUSSION
General seed traits
Thousand-seed weight, seed length and width of greater bur-parsley were 4.20 g, 4.93 mm and 1.31 mm, respectively. According to the tetrazolium chloride test, seed viability was 100%. Initial seed germination in light/dark and complete darkness was 54.51% and 51.56%, respectively.
Seed dormancy breaking treatments
Potassium nitrate
The effect of KNO 3 on seed germination of greater bur-parsley was significant (Table 1) ( Figure 1) . Nitrogen-containing compounds such as nitrite, nitrate, nitrogen dioxide, ammonium, azide, and cyanide are used as seed dormancy braeking treaments (Bradford et al., 2007) . Potassium nitrate is well documented as a compound, which increases the germination of photo-dormant seeds (Shanmugavalli et al., 2007) . Bewley and Black (1994) indicated that KNO 3 raises the ambient oxygen levels by making less oxygen available for citric acid cycle. 
Gibberellic acid and light duration
In complete darkness, increasing GA 3 concentration from 50 up to 100 ppm increased germination compared to control. However, in a higher concentration of GA 3 than those of 100 ppm, seed germination was reduced (Figure 2) . Gibberellic acid regulates seed dormancy and germination positively by means of a complex interaction with abscisic acid and environmental conditions (Kucera et al., 2005) . Gonai et al. (2004) reported that GA 3 affects temperature responsiveness of the seed germination process through ABA metabolism. Also, germination of seeds in the darkness regime at different concentrations of GA 3 was higher than in the light/ dark regime (Figure 2 ). Gibberellic acid increased germination of dark-moistened nonphotodormant tobacco seeds. Thus, GA 3 releases dormancy and promotes germination rate and onset (Kamiya and Garcia-Martinez, 1999; Yamaguchi and Kamiya, 2002) . Our result suggests that soaking of greater bur-parsley seeds with 100 ppm GA 3 in the complete darknesss regime is more effective than that of the treatment of seeds with GA 3 in the alternating photoperiod.
Nitroxin
Application of nitroxin did not significantly influence germination of greater bur-parsley seeds (Table 1) . Increased nitroxin concentration did not significantly enhance germination (Data not shown). Egamberdiyeva (2007) showed that microorganisms can promote germination and growth of different plant species. Vrbnicanin et al. (2011) showed that rhizobacteria had diverse effects (stimulative or inhibitory) on seed germination of Ambrosia artemisiifolia. Azotobacter and Azospirillum containing in nitroxin effect on seed germination through synthesis of plant growth promoters and plant growth regulators (Vrbnicanin et al., 2011) .
Ethanol
Ethanol significantly influenced germination of greater bur-parsley seeds (Table 1) . Seed germination was promoted by 0.5% ethanol. Nevertheless, in concentrations of ethanol higher than 0.5%, seed germination decreased (Figure 3) . Our results are similar to those of Johnson (2012) , who found that an ethanol concentration lower than 0.5% was effective in seed dormancy breaking. However, any benefits from ethanol disappeared quickly at a higher concentration. Our findings are also in agreement with the conclusion of Rezvani and Fani Yazdi (2013) , who showed that germination of black nightshade (Solanum nigrum) was increased at low concentrations of ethanol but inhibited at higher concentrations.
Scarification duration
Scarification duration significantly influenced seed germination (Table 1 ). The dormancy of greater bur-parsley was markedly broken by physical scarification of seed coat. Compared with the control treatment, enhancement of scarification duration increased seed germination by 7 about 27% (Figure 4) . For many species, mechanical scarification of seeds has been proved to break dormancy and promote germination (Fang et al., 2006) . These results are in accordance with the studies of Silva et al. (2004) , Pinto et al. (2007) and Sánchez et al. (1990) 
Leaching duration
Leaching duration influenced germination (Table 1 ). In comparison with the control treatment, the increase in leaching duration partially increased seed germination. Germination of seeds that were imposed to 96-hour leaching duration increased about 13.41% compared with control ( Figure 5 ). Leaching can be considered as a seed treatment procedure to release dormancy. Badgery et al. (1999) showed that 48-hour leaching of saffron thistle (Carthamus lanatus) seeds increased germination. A previous study by Ansley and Abernethy (1985) showed that leachate seeds of gardner saltbush (Atriplex gardneri) germinated more than those of non-leachate ones.
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Environmental treatments
Osmotic stress
Seed germination of greater bur-parsley decreased as poly ethylene glycol concentration increased ( Figure 6 ). Germination was 57.8% when osmotic potential was -0.2 MPa, but enhancement of osmotic stress from -0.2 MPa up to -0.8 MPa markedly reduced germination, and then seed germination reached zero at a range of -1 to -1.2 MPa osmotic potential ( Figure 6) . A negative effect of osmotic stress on seed germination was reported in different plants including shepherd's purse (Capsella bursapastoris) (Rezvani et al., 2014) , black nightshade (Rezvani and Fani Yazdi, 2013) and sheep sorrel (Rumex acetosella) (Fani Yazdi et al., 2013) . In the north of Iran, greater bur-parsley seed germination occurs from mid November. With the climate change and changes of rainfall patterns in fall season, low rain following to the temporary drought stress that maybe affect on greater bur-parsley seed germination and establishement. 
Salt stress
A polynomial model (y = 0.0003x 2 -0.3021x + 74.257; R 2 = 0.99) was fitted for the effect of salt stress on seed germination. A partial reduction in seed germination was observed compared with control, when NaCl concentration increased from 0 to 50 mM. Germination markedly decreased with increasing of NaCl concentration from 50 mM. No seed germination was occured 9 at a NaCl concentration of 400 mM (Figure 7) . Germination of 26.81% of seeds at NaCl concentration of 200 mM indicates that even at high soil salinity, a portion of greater bur-parsley seeds is able to germinate. This trait could be important for a wide spread of the plant into the region of north Iran which is subjected to salinity. 
pH
The effect of pH on greater bur-parsley germination was significant (Table 1) . Maximum seed germination occurred at pH 7 (Figure 8) . A low percentage of seed germination was found at pH 9 and 11. Seed germination at pH 3 and 5 was 42.81% and 40.28%, respectively, which was significantly lower than germination at pH 7 (Figure 8) . The results of Pérez-Fernández et al. (2006) showed that three apiaceae species including Foeniculum vulgare Miller, Daucus carota and Thapsia villosa had high germination at a pH range from 4.7 to 7.7. Pérez-Fernández and Rodríguez-Echeverría (2003) also showed that seed germination of annual and perennial plants at acidic pH was higher than those of alkaline ones. Mayer and Poljakoff-Mayber (1989) showed that in high values of pH, germination declines by means of several mechanisms of action. High germination of greater bur-parsley seeds at acidic pH could be significant for adaptation and distribution of greater bur-parsley in acidic soils. 
Burial depth and flooding duration
Burial depth and flooding for 15 and 30 days significantly influenced germination (Table 1) . After 15 days of flooding duration, germination of seeds at all burial depths increased in comparison with control. Maximum germination was found in seeds that had been buried at a depth of 10 cm (Figure 9 ). Germination of seeds buried for 30 days was reduced by enhancement of burial depth to 5 cm. An enhancement was occurred by increasing burial depth to 10 cm, but it was not significant in comparison with control ( Figure 9 ).
Sowing depth
Sowing depth significantly influenced seedling emergence (Table 1) . By increasing planting depth, seedling emergence of greater bur-parsley was decreased (Figure 10 ). There was maximum seedling emergence in seeds that had been planted on the soil sourface while 13.92% of seeds were emerged at the depth of 12 cm (Figure 10 ). Higher seedling emergence of greater burparsley planted on the soil surface is due to the germination promotion effect of light, which is a vital factor for seeds with low carbohydrate storage. Rezvani et al. (2014) showed that seedling emergence of shepherd's purse was reduced as seed planting depth was increased. Thomas et al. (2006) ; Rezvani and Fani Yazdi (2013) and Fani Yazdi et al. (2013) also suggested that light in small seeds with low levels of carbohydrate reserves is a limiting factor to germination. Application of lower concentrations of KNO 3 (0.04 g L -1 ), GA 3 (100 ppm) and ethanol (5%) could be a successful strategy for seed dormancy breaking and induction of germination of greater bur-parsley. Also, leaching and scarification of seeds increased germination. Both drought and salt stresses negatively affected seed germination. There was maximum percentage of seed germination in a range of pH from 3 to 7, which shows that distribution of greater bur-parsley can occur in soil with pH from 3 to 7. Data from the effect of sowing depth suggest that seedling emergence of greater bur-parsley was reduced as planting depth increased. Light and water conditions of soil and seed carbohydrate reserves are effective factors in seed germination at different soil depths. This result indicates that a depth tillage of soil above 12 cm may be an effective approach to reduce seedling emergence in crops.
